THE SULPHYDRYL GROUPS OF SOME NORMAL TISSUES AND SOMIE ANIMAL TUAIOURS G. CALCUTT From the Department of Cancer Research, Mount Vernon Hospital and the Radium Institute, Northwood, Middlesex Received for publication January 30, 1964 THE role played by tissue sulphydryl (-SH) groups in both tumourigenesis and in the therapy of the established tumour has been the subject of much discussion but very little detailed experimental work. Recently, Calcutt and Connors (1963) have shown that there is a relationship between tumour sensitivity to the alkylating agent Merophan (o-di-2 chloroethylamine-DL-phenylalanine) and the ratio of protein bound to acid soluble -SH in the tumour. Revesz, Bergstrand and Modig (1963) found that an increase of radioresistance in a strain of tumour cells was associated with an increase in non-protein -SH content. Caspersson and Revesz (1963) have found a relationship between the protein bound -SH in certain tumour cell lines and the average DNA content of those lines.
These new findings are of obvious importance to our understanding of the response of tumours to either chemical or radiation treatment. At the same time they point to the fact that much more information is required about the sulphydryl groups of both normal tissues and tumours. The present paper is an attempt to present some further data which may be fundamental to our consideration of -SH groups.
In this work particular attention has been given to the hypothesis of Barron (1951) that tissue glutathione (GSH) is protective to protein bound -SH groups and the implication that there is a constant relationship between the levels of oxidised and reduced tissue GSH and protein-bound -SH. Because of its bearing upon the views of Barron the finding of Beck, Rieck and Duncan (1958) that the non-protein -SH levels of rat or mouse liver show diurnal variations has also been considered.
Throughout the rest of this paper the word glutathione (GSH) will only be taken in its strict sense as referring to the polypeptide, y-glutamylcysteinylglycine. The -SH containing material extracted from tissues with trichloroacetic, sulphosalicylic or metaphosphoric acids and often referred to as GSH will, on the basis of Calcutt and Doxey's (1962) finding that it represents several different -SH containing substances, be described as acid soluble -SH. Protein bound -SH will be used as meaning those -SH groups normally exposed and available in the living tissue. Total denaturation -SH will refer to the -SR made available in fixed, broken or otherwise damaged tissue after exposure to denaturing agents such as urea, guanidine, detergents, heat or other physical agents.
MATERIALS AND METHODS
All animals used in this work have been maintained throughout on a standardised diet of commercial rat cake supplied ad libitum and ordinary tap water.
The -SH measurements have been made by the method described by Calcutt and Doxey (1959) and Calcutt, Doxey and Coates (1960) Aschoff (1963) . The evidence of Revesz, et al. (1963) and Caspersson and Revesz (1963) The rise in acid soluble -SH at noon in mouse skin and the subsequent sharp decline in both acid soluble and protein bound -SH levels is interesting in view of Bullough's (1949) finding of a peak in mouse skin mitosis rates at about 2 p.m. and Rapkine's (1931) work indicating a rise in -SH levels preceding mitosis. If these associations are true it appears that -SH values in a mass of tissue fluctuate but only a relatively few cells are involved in the changes in mitotic rate.
The relative constancy of acid souble -SH levels in separate samples of similar material and the coincident wide variation in protein bound -SH levels would imply entirely different regulatory systems for the two different fractions. The fact that the total denaturation -SH figures also show a wide range of variation within comparable material suggests that the protein bound value may be some reflection of the total cellular protein level. It seems unlikely that these variations are associated with the DNA content of the tissue mass used when dealing with pieces of liver or tumour taken at fixed times. A possible explanation can be founded upon the different extents to which tissues store protein over and above their requirements for immediate biochemical activity.
Barron's (1951) suggestion of the protective role of acid soluble -SH has been borne out by the recent work of Calcutt and Connors (1963) and is further supported by the completely independent work with different materials and techniques by Jocelyn (1962) . It must be stressed, however, that the protective role of the acid soluble -SH fraction is mediated by competition with the protein bound -SH for external agents, and that there is no evidence for anv specific barrier action by the acid soluble -SH.
A number of issues relevant to consideration of tissue -SH groups have been discussed above. Many others, such as the influence of age, sex, diet and environmental conditions still await examination. SUTMMARY 1. It has been confirmed that diurnal variations in acid soluble -SH levels occur in mouse liver, and further shown that protein bound -SH levels also show diurnal variations, but on a different time scale.
2. Similar diurnal variations have been found in mouse skin acid soluble and protein bound -SH levels.
3. Evidence is given suggesting similar occurrences in transplanted tumours. 
